This paper investigates the price effect of Energy Performance Certificate (EPC) ratings on residential dwelling prices in Wales. Drawing on a sample of approximately 192,000 transactions, the capitalisation of energy efficiency ratings into house prices is investigated using two approaches. The first adopts a cross-sectional framework to investigate the effect of EPC rating on price. The second approach is based on a repeat-sales methodology to investigate the impact of EPC rating on house price appreciation. Statistically significant positive price premiums are estimated for dwellings in EPC bands A/B (12.8%) and C (3.5%) compared to houses in band D. For dwellings in band E (-3.6%) and F (-6.5%) there are statistically significant discounts. Such effects may not be the result of energy performance alone. In addition to energy cost differences, the price effect may be due to other benefits of energy efficient features. An analysis of the private rental segment reveals that, in contrast to the general market, low-EPC rated properties were not traded at a significant discount. This suggests different implicit prices of potential energy savings for landlords and owner-occupiers.
Introduction
In most developed economies environmental certification schemes have been introduced in the commercial and the residential property sectors. These schemes are a market-based mechanism designed to inform consumers about the environmental performance of a product. This information is then expected to influence consumer behaviour, increase demand for less environmentally harmful products, produce changes in the relative supply of energy efficient products and, ultimately, reduce environmental impacts. Market prices are important in that they send demand signals from consumers
to suppliers about what, where and when to produce. In particular, price premiums provide an economic incentive for producers to innovate and incur any additional production costs associated with improved energy performance. A key issue is the extent to which, within the purchase decision and associated price determination, consumers are willing to pay a premium for good environmental performance. The focus of this paper is on the price effects of energy performance in the residential property sector. If a price premium can be attributed to energy efficiency in the housing market, then, depending on the trade-off with additional costs, it may provide residential developers with evidence to justify the supply of more energy efficient dwellings and incentives for existing owners to improve the environmental performance of their homes and investments.
In 2008 the measurement of energy use in new and existing buildings in the UK became obligatory following the implementation of the European Union's Energy Performance of Buildings Directive.
This required all buildings at the point of construction completion, sale or rent (or every ten years) to be issued with certificates that provide information about their energy performance. These Energy Performance Certificates or EPCs are asset ratings intended to inform potential purchasers about the intrinsic energy performance of a building and its associated services. The residential property market is by far the richest real estate sector in terms of transaction volume and, with seven years of recorded EPCs, there is sufficient scope to introduce a variety of statistical methods to control for price determinants other than energy performance. Using Wales as a case study area for the first time, in this paper we use a large sample of relatively homogeneous residential dwellings to investigate whether EPCs influence transaction prices and price growth rates. Because the data set included repeat sales we were able to exercise a greater degree of control for potential bias from dwellingspecific fixed effects. Furthermore, a distinction was drawn between purchasers who acquire dwellings for their own occupation and those who acquire for investment reasons -'buy-to-let' landlords who lease dwellings to tenantsin order to investigate whether there was a significant difference in energy efficiency price premium between the two groups. This distinction is important because in 2013 buy-to-let landlords owned 19% of all dwellings in the UK compared to 11% a decade earlier 1 . This growing category of investors may value energy efficiency differently as, under typical lease arrangements, tenants usually pay energy bills. The empirical research includes a series of robustness checks to try and control for potential omitted variable bias due to properties that may have been improved or may be in very good or very poor condition.
The remainder of the paper is structured as follows. The next section reviews previous studies of the price impact of environmental performance labels on residential dwelling prices. Section 3 describes the data set and modelling approach used in this study. Essentially it examines the capitalisation of energy efficiency ratings into house prices using two approaches. The first adopts a cross-sectional framework to investigate the effect of EPC band (and EPC rating) on a large sample of dwelling transactions. The second approach is based on a repeat-sales methodology to examine the impact of EPC band and rating on house price appreciation. Section 4 presents the results and section 5 provides some discussion of the findings before concluding comments in the final section.
1 Department for Communities and Local Government (2015) Following the energy crises of the 1970s, some of the earliest relevant literature investigated the relationship between energy efficiency and residential prices (see Laquatra et al, 2002 for a review).
A body of US work from the 1980s broadly identified a positive relationship between energy efficiency and residential sale prices (see Halvorsen and Pollakowski, 1981; Johnson and Kaserman, 1983; Quigley, 1984; Laquatra, 1986; Dinan and Miranowski, 1989; Quigley and Rubinfeld, 1989) .
However, in the last decade, growing concern about climate change has stimulated another wave of research on energy performance and residential sale prices. Given the rapid growth of research in this area, below we review the work most closely related to this study.
In a largely overlooked initial study, the Australian Bureau of Statistics (2008) was an approximately 2% premium for every 0.5 increase in EER. For the pooled sample, relative to a zero rating, premiums of 1.6% (EER 1), 3% (EER 2), 5.9% (EER 3), 6.3% ((EER 4) and 6.1% (EER 5) were found; the marginal addition to the premium declining as rating increased. The explanatory power of model was high and there was a large range of controls for the quality of the dwellings. Kahn and Kok (2014) conducted a hedonic pricing analysis of all single-family home sales in California between 2007 and 2012. Using a sample of matched properties based on the likelihood of having a green label and the local area weather condition, they found a 2% premium for green labels.
While the perennial difficulty of measuring unobserved non-financial benefits of green label still remains, this study shows a robust positive association based on several alternative specifications. Deng et al. (2012) , overall they estimate an average price premium of about 4-5%. In terms of the different levels of award, the estimated premium for the Platinum rating was 11%; the comparable figures for Gold and Certified ratings were 5% and 1.6%
respectively. Premiums for resales found to be substantially higher. Using a smaller sample of repeat transactions, DID approach estimates price appreciation premium for Green Mark dwellings of 2-3%. They infer from the results that developers are capturing a small part of the green premium. However, without details of costs of achieving certification, similar to most previous studies, they were unable to assess whether the price premium compensated developers for additional costs.
In Europe, based on a sample of 31,993 residential sale prices in the Netherlands in 2008-9 for dwellings with (voluntary) EPC ratings, Brounen and Kok (2011) identified premiums of 10%, 5.5% and 2.5% for A, B and C respectively, compared to D-rated dwellings. For dwellings rated E, F and G, there were respective discounts of 0.5%, 2.5% and 5%. The data set contained a broad range of control variables including dwelling size, insulation quality, central heating and level of maintenance.
Using a composite sustainability metric based on 36 variables to provide a sustainability score for each dwelling, Feige et al. (2013) drew upon rental prices of a sample of 2,453 residential apartments in Switzerland. Their results revealed that some sustainability-related features had significantly positive effects, others had no effect on price and some had a negative effect. Importantly in the context of this paper they found an unexpected negative relationship between energy efficiency and price. This was attributed to Swiss residential lease structures where landlords tend to recover the estimated cost of energy from tenants in advance. Hence, less energy efficient buildings may have appeared to have a higher rent since the energy cost is 'bundled' with rent. Kholodilin and Michelsen (2014) investigated the residential rental market in Berlin and found that energy efficiency savings are generally capitalised into prices and rents and that buyers are able to anticipate energy and house price movements. Another finding relevant to this paper is the significantly lower implicit prices of energy efficiency of rental dwellings compared to owner-occupied dwellings. The authors explain this difference as a sign of the market power of tenants or as a result of the split incentive problem.
Similarly, Cajias and Piazolo (2013) find higher total returns and higher rents for energy-efficient dwellings in their study of the German housing market between 2008 and 2010. They estimate that a one percent energy saving raises rents by 0.08% and the market value of a property by 0.45%. Hyland as well as property and price information. They found asking price premiums relative to D-rated properties for A (9%), B (5%) and C (1.7%). There was no significant discount for E-rated dwellings and a discount of approximately 11% for F/G. Rental premiums were 1.8% for A and B rated dwellings compared to D and no significant price effect on C-rated dwellings. There were rental discounts for E (1.9%) and F/G (3.2%) rated dwellings. The analysis does not appear to control for age of buildings and as a result there may be a risk of misattributing age effects to energy efficiency effects.
The European Commission (2013) published a report that included a series of studies of the effect of EPC rating on prices in a range of European countries. Focusing on the residential sector, in Austria, using a sample of 1,077 rents and 2,246 sale prices mainly in Greater Vienna, an approximately 8% increase in price and 4% increase in rent was found for each change in EPC rating. In Belgium, based on 26,000 listed prices, the majority of which were in Flanders, a 3-5% increase in price was associated with an increase in every 100 CPEB (Certificat de Performance Energétique des Bâtiments) points. In France, samples of 1,263 and 1,915 sale transactions for Marseilles and Lille respectively revealed an approximately 4% increase in price per change in EPC rating for sale prices.
In Ireland approximately 26,500 listed rental prices and 11,000 listed sale prices revealed an approximately 2.8% increase in price per change in EPC rating for selling prices and 1.4% increase in price per change in EPC rating for rental prices.
Finally, in a study closely related to this paper, drawing upon a sample of 325,950 English housing transactions with mandatory energy certificates and with a control for age of dwelling, Fuerst et al (2015) significant positive price premiums for dwellings with EPC ratings of A/B (5%) or C (1.8%) compared to dwellings rated D. For dwellings rated E and F statistically significant discounts were estimated, -0.7% and -0.9% respectively. Dwellings rated G sold for approximately 6% less. Turning to price growth, the findings were less clear-cut. Dwellings in EPC band C experienced significantly higher price growth than those in band D. However, this was not the case for the dwellings in bands A and B, which experienced significant price depreciation compared to D-rated dwellings. Dwellings in band E (-0.18%) and F (-0.26%) were also estimated to have had statistically significant lower rates of price growth compared to D-rated dwellings. Similar to previous studies, the study did not control for potential omitted variable bias due to the absence of information on improvements and other quality variables such as age and condition of bathrooms and kitchens.
The private rented sector of the residential housing market is of particular interest in that energy costs are not borne by the buyer but by the tenant. Buy-to-let landlords may value energy efficiency only to the extent that it enables them to charge higher rents, achieve shorter vacancy periods or otherwise increase the attractiveness of their investment. Due to the well-documented split incentive problem, it has been observed in past studies that rental properties generally achieve a lower energy efficiency standard than owner-occupied properties (Rehdanz 2007) . This may due, at least in part, to the general quality of the rental stock being poorer. For example, Iwata and Yamaga (2008) purport that the optimal condition of a rented dwelling is lower if an investor expects heavy utilisation of the dwelling by the tenant.
Some general points about these studies can be made. First, hedonic model estimates can be sensitive to choice of model specification and availability of information on variables that determine prices. This is particularly so if it is suspected that the price impact of an attribute (energy performance, for example) is likely to be small in comparison to other attributes such as location and age of dwelling.
Data availability is, therefore, a major challenge to researchers in this area. The feasibility and quality of empirical research into the price effects of energy efficiency certification is dependent upon the availability of dwelling-level data on three main areas: market prices (rents and sales), environmental performance of real estate assets, and building attributes. Data constraints may mean that certain attributes are omitted from the hedonic model and this can lead to bias. For instance if age of dwelling is omitted and age and energy performance are considered to be correlated, negative price effects associated with aging would be reflected in the energy efficiency variable. Alternatively, being energy efficient may only be one part of a bundle of 'extras' that a housing developer has used to create a superior product. For instance, homes with better energy performance may be of a higher quality of construction. By omitting this variable (superior construction) a construction quality price effect could be misattributed as an energy efficiency price effect.
Second, house purchasers can obtain a bundle of costs and benefits when they buy energy efficient homes that are not energy related. Certain attributes that enhance energy or environmental performance can also enhance other aspects of performance. For instance, houses need to have double-glazing and/or a modern water heating system in order to obtain a good EPC rating. However, double-glazing has additional benefits such as improved security and noise reduction that provide benefits in addition to reduced energy costs. Dwellings with a modern water heating system will have a more reliable system and/or a longer period to replacement in addition to reduced energy costs.
Third, usually, when reporting the price effect of an attribute, hedonic pricing studies present the result as a percentage price difference. In the case of EPC bands for instance, dwellings in band A may be reported as achieving prices that are 10% higher than those in band D. This is a relative measure and is usually expressed like this due to the way that the econometric models were constructed. However, if the benefit of energy efficiency is received largely in absolute terms, then this relative measure may distort the price effect. For example if homebuyers are prepared to pay an additional £100 for energy savings, in a location with typical sale prices of £1,000 per square metre, this would be 10% price premium but in a location with an average price of £5,000 per square metre, the same absolute price increase would represent a much smaller relative price premium of 2%. There is some empirical evidence to support this: a study for the Department of Energy and climate Change in England (discussed below) found notable regional variations in the size of relative price premiums..
Data and Modelling Approach
Building on the findings from the literature review we obtained dwelling-level data on market prices, building attributes and energy performance. Wales was chosen as the study area because the housing stock is relatively homogeneous in terms of age and building characteristics. Compared to England the proportion of flats and apartments is much lower and this allows the analysis to focus on detached, Table   1 ). Type and age of dwelling are used to infer window area. Wall type and age are used to infer Uvalues for walls, roofs and floors. Age is, therefore, a key variable. with an increase in the value of the hedonic regressor variable. For example, the price of a dwelling might respond to age in two ways; physical depreciation may reduce price paid but eventually price may respond positively to age -a 'vintage' effect. Moreover, older buildings tend to be less energy efficient and may involve significant refurbishment costs in order to comply with contemporary building regulations. Therefore, there may be a high correlation between age and EPC rating.
With above caveats in mind, we specify a hedonic price model as follows:
Where P it is the transaction price of a property (specified as the natural logarithm of price in £ per square metre), X i is a vector of several explanatory locational and physical variables including our variable of interest, EPC rating; β i is a vector of coefficients to be estimated; and e i is a random error and stochastic disturbance term that is expected to take the form of a normal distribution with a mean of zero and variance of σ 2 e . We allow for temporal variation in the following form:
where c t is the additional vector of estimated coefficients for each time period and D t is a set of variables that takes the value of 1 if a house is sold in the period and 0 if it is not sold.
For the purpose of this study, we specify hedonic models to explain two dependent variables; price per square metre and price per square metre change (appreciation/depreciation). To capture the effects of EPC rating on these variables, we use a set of binary variables to indicate the EPC band of each dwelling at the relevant transaction date. Band D is the 'hold-out' category so the coefficients for the higher bands are expected to be positive. In addition to mitigating the effects of extreme values, as well as potential heteroskedasticity and non-normality, the semi-log specification of the hedonic model allows us to interpret the coefficients as average percentage premiums. However, we will also estimate a linear version of this hedonic model as a robustness check and to estimate the level of price premiums in pound sterling.
In the next step, we restrict the sample to dwellings for which records in our database indicate that an EPC was issued for the purpose of marketing the dwelling on the private rental market. While this identification of buy-to-let properties may not be perfect due to the possibility of switching between owner-occupation and leasing for some properties, we assume that the bulk of the properties thus identified are longer-term buy-to-let properties. To restrict the sample further, we only include those transactions in our sub-sample analysis which had an EPC issued before the sale of the dwelling, not earlier. This restriction is introduced to ensure that potential buy-to-let investors were aware of EPC performance when buying the property and were not forced to gather this information from other sources.
Finally, to measure the influence of EPC rating on price appreciation, we also undertake a hedonic analysis with the repeat sales transactions only. In doing so, we are able to exercise greater control over biases from the unit fixed effect as two sales of the same dwelling are compared, although, the assumption of no improvement or changes in property quality or other features is a concern. The repeat sales framework may take the following form:
where the first and second sale periods are denoted by the superscripts 1 and 2 respectively. Equation
(4) can be simplified to:
In our specification, we use a Wales house price index to capture 'expected' appreciation following the national trend as well as the property-specific price components in the following form:
Thus price changes between two transactions are driven by the Wales-wide house price change, the time elapsed between the two sales and a set of observed and unobserved property characteristics that cause a house price to deviate from the national trend. We use the Land Registry (2014) house price index for Wales rather than calculating an index based on our own data sample as the former index is comprised of a much larger sample and hence reflects the market situation in Wales more accurately.
The first factor is captured by the index ratio while the observed property-specific factors are represented by the vector of characteristics X. Finally, unobserved characteristics are captured in the error term u. Using this framework we are able to observe and estimate the magnitude of price differentials that result from dwellings being placed in different EPC bands.
Results
The descriptive statistics for the continuous variables in the sample are shown in the appendix. The dependent variable saleprice1psm (and saleprice2psm for repeat sales) was positively skewed so a log transformation was performed to normalize the distribution. Although the data set included 191,554 observations of dwelling transactions (and 47,158 repeat sales transactions), many did not include a complete set of attribute information; 23% did not have floor area recorded, 17% did not have the number of bedrooms recorded and 37% did not have any age information. This meant that the regression models operated on reduced sample sizes.
The independent variable of interest to this study is the EPC band. Over 85% of the dwellings in the sample are in Band C, D or E. The key control variables are floor area, age, property type, number of bedrooms and location. Of the total sample, 37% are terraced, 32% semi-detached, 29% detached and only 2% were flats. The dwelling stock is quite old; 71% of the dwellings were built before 1960 (with 40% built before 1900) and fewer than 10% were constructed between 2000 and 2009. 69% of the sample was located in an urban setting. Figure 1 illustrates the relationship between property type, EPC band and mean sale price. The price differential between detached, semi-detached and terraced houses and flats is as expected; detached dwellings selling for the highest prices and flats the lowest. It is also possible to discern a relationship between price and EPC band, particularly in the case of flats but also, to a less obvious extent, in the case of semi-detached and terraced dwellings.
Notwithstanding the point made above in relation to the very small number of observations in bands A, B, F and G, there does not appear to be a discernible relationship between EPC band and price paid for detached dwellings. The determinants of price per square metre Following the modelling approach and data sampling outlined in section three, we first fit regression models to both the full set of observations and the sub-samples of the different types of dwelling. The results are presented in Table 2 . Price per square metre is easier to interpret than the more commonly used total price as it eliminates the size effect from the dependent variable. This size effect may generate undesirable effects as it tends to inflate the predictive power of a hedonic model (for example, our baseline R 2 would increase from 0.50 to 0.74 when total price is used) and may hence swamp the effects of less powerful predictors of price in the hedonic model. The (log of) house price per square metre is explained as a function of four dwelling attributes (age, dwelling type, number of bedrooms and tenure), a neighbourhood attribute (urban-rural index score) and EPC rating/point. The fact that housing transactions took place in different time periods and different areas is controlled for by including quarterly time fixed effects and postcode area fixed effects in the model.
The overall explanatory power of the model is good with an adj. R 2 of around 51% for the full sample.
The coefficients of the explanatory variables largely have the expected signs. With regard to the EPC rating, using band D as the 'hold-out' category, the pattern of price effects is consistent with a positive relationship between energy performance rating and sale price. Adjusting the coefficients of the semilogarithmic estimation for potential bias as proposed by Kennedy (1981) Table 2 shows that the price impact is more marked and for urban dwellings in bands E and F than for rural dwellings in the same bands. This might be a result of purchasers' willingness to pay higher prices for rural dwellings (perhaps because of their character and setting) regardless of their energy performance. In the last column of Table 2 the results of the estimation when energy efficiency score, rather than band, is used as the independent variable are displayed. The expected positive relationship between energy efficiency and dwelling sale price is also found.
Table 2 here
Turning to the control variables, all else equal, each additional bedroom will lower the unit price of a property, possibly reflecting decreasing marginal utility of each square metre of living space
consumed. An additional effect working in the same direction might be that dwellings of a given size will achieve lower prices if they are divided up into more rooms, i.e. a discount on properties with small rooms. The effect of age on dwelling price per square metre is non-linear and variable between dwelling types. Compared to dwellings constructed pre-1900, dwellings constructed since 1983 have sold for small but statistically significant price premiums. When we look at the results across dwelling types, it is apparent that there are notable differences between semi-detached, terraced and detached properties. In contrast to semi-detached and terraced dwellings, detached dwellings constructed between 1900 and 2003 tend to sell for significantly less per square metre than dwellings constructed before 1900. Regarding dwelling type the results are in line with expectations; with terraced dwellings as the 'hold-out' category, flats, semi-detached and detached properties achieve significantly higher prices per square metre, with the latter selling for approximately 28% more per square metre than terraced dwellings. The coefficients for the urban-rural indexes also have the expected signs. Compared to leasehold, the coefficient for freehold is insignificant.
The private rental market
We now turn to the private rented sector of the housing market in Wales. As mentioned in the literature review, a difference in the quality of the stock between owner-occupied and private rented dwellings may introduce bias in our estimation results, particularly if some of the quality characteristics are unobserved and are correlated with the EPC ratings. However, the summary statistics suggests that this is not a major concern for the present study of Wales. The average sale price in our private rental subsample is very similar to the overall average price (£142,000 and £145,000 respectively). In terms of energy efficiency ratings, we find a similar distribution of EPC bands and scores. The average EPC score in the private rental segment is 57.3 compared to 58.3 in the overall sample. To further mitigate the potential for any omitted variables bias due to unobserved quality differences, we conduct the estimation of the subsample separately rather than including interaction terms in the main model. Hence, the reference point for EPC band capitalisation is an average D-rated rental property, rather than a standard D-rated property of either tenure status. Table 3 reveals that energy efficient dwellings in bands A, B and C achieve price premiums that are comparable to the general market. This is to be expected in a market setting where buy-to-let landlords compete with owner-occupiers for these properties. However, we do not find significant discounts for rental dwellings with below average energy efficiency ratings. The implications of these findings are discussed in more detail in the following section. Table 3 here
The determinants of price appreciation per square metre
We apply a similar regression specification with dwelling price appreciation per square metre as the dependent variable. We do not have definite prior expectations for either positive or negative effects.
It is possible that price premiums associated with superior energy performance have been factored into initial prices and that there is no 'growth premium'. On the other hand, it is possible that the increasing awareness of energy and environmental issues in the last decade has meant that price effects have produced positive effects on price appreciation. In other words, the effects of superior energy performance on initial prices may be positive and, due to subsequent greater demand for energy efficient dwellings, the effects on price appreciation may also be positive. Table 4 provides estimates of the determinants of dwelling price appreciation per square metre. The results are not as consistent as the price model. C-rated dwellings have experienced significantly higher price appreciation than D-rated dwellings. However, this is not the case for the dwellings in the A/B bands, which have experienced no statistically significant higher price appreciation than Drated dwellings. Dwellings rated E and F are estimated to have grown at statistically significant lower rates compared to D-rated properties. When we look at the estimates for dwelling type sub-samples, the effects on price appreciation are largest for terraced dwellings with no significant effect on flats.
There is a significant and positive price impact for detached dwellings in urban areas in band C, and for dwellings in bands E and F the negative price growth impact is also significant. Table 4 here
Robustness checks
As noted above, a common issue with hedonic estimations is potential omitted variable bias. In the context of this research one particular concern is that houses with better EPC ratings may have been subject to unobserved improvements that enhance the quality of dwellings in addition to enhancing energy performance. In order to try to counteract such potential bias, we run the models with a number of restricted samples. The main purpose of the restrictions is to exclude dwellings that are more likely to have been improved or that may be unusual in some way e.g. dwellings that have been re-sold within a short period of time or dwellings exhibiting high levels of unexplained variance in the estimations. In order to try to eliminate the effects of potential unobserved changes to houses to bias the estimates, we restrict the sample to houses built relatively recently (since 2000).
The results are presented in Table 5 and it is reassuring to see that they remain broadly stable. For the cross-sectional price models, the results of the restricted sample models estimate similar patterns of premiums and discounts compared to EPC band D as the full sample model. Whilst restricting the sample to dwellings with low unexplained variance reduces the sample to 9,866 sale transactions, the estimates of price premiums and discounts remain indistinguishable from the full sample results.
When the sample is restricted to the 9,851 dwellings that have been built and sold since 2000, the results do change. Compared to a band D dwelling, the estimated price premium for band A/B dwellings drops to 4.5%. The price premium for band C dwellings decreases to less than 1%.
Bearing in mind that only a small proportion of modern houses will have energy ratings below D, we find no significant discount for poor energy efficiency performance. Similarly, excluding dwellings that have been sold twice or 'flipped' in under two years has no notable effect on the estimated coefficients. Applying similar restrictions to the price appreciation model results in a similar pattern with little variation in the estimated coefficients for the various restricted samples. The exception is EPC band G where the similar-sized effect has taken on a degree of statistical significance. Table 5 here A further robustness check concerns the functional form of the hedonic equation. The main semi-log model used in our analysis has a number of advantages as outlined in the methods section above but the estimated coefficients are expressed as a percentage of the overall transaction price, so a fixed amount will be lower in high house price areas compared to lower priced areas. To neutralise the effect of the variation in the underlying denominator (the house price), we estimate a linear version of the hedonic model where the dependent variable is expressed in levels rather than in logarithmic form.
The results reported in Table 6 show that the estimated coefficients are largely in line with the estimated percentage values of the semi-log form. Additionally, the linear estimation shows that the highest EPC bands A and B add £230 to the square metre price compared to the average D category and Band C adds approximately £40 to the average property. Conversely, the discounts to properties achieving below average energy ratings are confirmed. The breakdown by property type underlines that these premiums and discounts are strongest in the semi-detached and terraced submarkets and less pronounced for detached houses and flats. However, the semilog hedonic model remains our main specification in this study as the percentage estimates obtained from it facilitate comparison across studies that use different monetary units and currencies. reduces noise pollution and increases security. In short, there are grounds to expect a positive price effect of energy efficiency, all else equal. However, the relative effect is not expected to be uniform.
In order to isolate and estimate the effect of the EPC, it is important to be able to take into account the other factors that are affecting the price of the house -the date of sale, its condition, location, age, size, type, quality of fittings, etc. Such comprehensive data is rarely available and researchers trying to isolate and identify house price determinants tend to be concerned about omitted variable problems.
A particular concern in this study is that an unobserved variable such as condition, quality or recent improvements may be related to energy efficiency and consequently their (unobserved) effect on house price may be misattributed as being due to energy efficiency. Missing variables that are not linked to energy efficiency (aspect, view and proximity to busy road for example) may affect house prices and reduce the explanatory power of the statistical model but they will not bias the estimations.
In this study we have tried to reduce the risk of this type of problem by removing houses from the sample that are more likely to have been improved or have better quality fittings.
Regarding the determinants of price per square metre, and the influence of energy performance in particular, the estimated price premiums are much higher than for the comparable study conducted in England (Fuerst et al, 2015) . One reason for this is the lower average house price in Wales. The findings for Wales are very similar to the results for the North East region of England where significant positive premiums were estimated for dwellings in bands A and B (14.4%) or C (2.7%) compared to dwellings in band D and statistically significant discounts for dwellings in band E (-2 .5%) and F (-6 .0%).
The findings for the effect of EPC rating on house price growth are less consistent. Compared to band D dwellings, those in band C have experienced significantly higher house price growth. Surprisingly this is not found for dwellings in bands A or B, which have experienced no statistically significant higher price appreciation than D-rated dwellings. The DECC study in England actually found significantly lower rates of growth for this category. There is evidence of a negative effect of poor energy efficiency on house price growth. Dwellings in bands E and F are estimated to have grown at statistically significant lower rates compared to band D dwellings.
We investigated a subsample of properties which had an EPC issued for the purpose of a private rental marketing. The absence of significant discounts for rental dwellings with below average energy ratings may be taken as further evidence of the split incentive problem. Buy-to-let investors may not apply the same discounts to low-EPC dwellings that owner-occupiers would because energy costs are passed on to tenants. Given that rental premiums paid by tenants are uncertain, buy-to-let buyers may outbid owner-occupiers in this segment of the market. As a consequence, we do not observe a significant discount for lower-rated properties. This finding is in line with the previous literature, in particular Hyland et al. (2013) who find that the rental premium captures only 14-55% of the net present value of energy savings. Rehdanz (2007) and Kholodilin and Michelsen (2014) arrive at similar conclusions in their studies of German housing markets. The implicit lower return on energy efficiency for landlords compared to owner occupiers thus leads to a levelling of prices between D, E, F and G bands, all else equal. A diverging result compared to the German studies is our finding of a significant premium for A, B, C rated properties which may be explained by the fact that the owneroccupied and rental tiers of the market are less segmented in the UK market and the Welsh market in particular. The fraction of 'dedicated' rental stock on the overall market is lower and most properties could be used for either owner occupation or as a rental investment, which is not necessarily the case in Germany.
Conclusion
The introduction of mandatory energy performance ratings for the commercial and residential real estate sectors across the European Union and in many other countries reflects a growing focus on reducing carbon emissions from the real estate stock. The main objective of energy efficiency certification is to influence the behaviour of consumers. In the context of the residential housing market EPCs are intended to provide trustworthy information to house buyers about energy efficiency. It is expected that energy savings associated with energy efficient attributes such as insulation, double/triple glazing, efficient water heating, low energy lighting, etc. will lead to house price premiums which will, in turn, lead to increased adoption of energy efficient features. However, it is important to acknowledge that untangling and isolating the effect of a single variable on the price of a house presents methodological challenges.
Drawing upon a large sample of house sales, we find a positive association between dwelling price per square metre and energy performance rating. Almost certainly due to a lower average house price, these estimated price premiums are much higher than for the comparable study in England. It is notable that the findings for Wales are very similar to the results for the North East region of England.
There are statistically significant positive price premiums for dwellings in bands A/B (12.8%) and C (3.5%) compared to houses in band D. For dwellings in band E (-3 .6%) and F (-6 .5%) there are statistically significant discounts. The relative price effects are highest for terraced dwellings. In order to try to take account of dwellings that may have been improved or be of better quality or condition, we also excluded dwellings whose prices were being poorly explained by the econometric model. The pattern of price effects remains broadly unchanged. In line with expectations, EPC Crated dwellings experienced a higher rate of house price growth than D-rated dwellings whereas E and F-rated dwellings experienced lower rates.
Finally, our finding of no discounts for dwellings in bands E, F and G adds to the emerging evidence of the split incentive problem and its impact on transaction prices in the private rental segment of the market. Incoming legislation in the UK which forbids the leasing of dwellings below a minimum energy efficiency rating from 2017 onwards may alter the price patterns for low-energy efficiency properties, which warrants a follow-up study that could also model the relationship between prices, rents and energy bills more explicitly than this paper was able to do with information on sales transaction prices only. Semi-detached 1900 -1929 Flat Mid-terrace 1930 -1949 Maisonette End-terrace 1950 -1964 Enclosed mid-terrace 1965 -1975 Enclosed end-terrace 1976 -1982 1983 -1990 1991 -1995 1996 2003 -2006 2006 (-7 .40) (-3 .62) (-0 .47) (-5 .01) (-3 .28) (-5 .60) (0.43) EPC band F -0.0591 *** -0.122 *** -0.0745 ** -0.185 *** -0.0720 *** -0.0205 0.101 (-5.35 ) (-6 .05) (-2 .70) (-6 .53) (-3 EPC band E -0.0914** -0.0215*** -0.0438*** (-3.13 ) (-27 .23) (-36 .07)
EPC band F -0.110** -0.0478*** -0.0598*** (-2.82) (-36 .72) (-26.02) EPC band G -0.0868 -0.0724*** -0.0150** (0.58) (-31 .71) (-2.99) Adj. R 2 0.230 0.990 0.975 N 9851 9866 5414 t statistics in parentheses * p < 0.05, ** p < 0.01, *** p < 0.001 String A1 Urban major conurbation: OA falls within a built-up area with a population of 10,000 or more and is assigned to the 'major conurbation' settlement category. The wider surrounding area is less sparsely populated; B1 Urban minor conurbation: OA falls within a built-up area with a population of 10,000 or more and is assigned to the 'minor conurbation' settlement category. The wider surrounding area is less sparsely populated; C1 Urban city and town: OA falls within a built-up area with a population of 10,000 or more and is assigned to the 'city and town' settlement category. The wider surrounding area is less sparsely populated; C2 Urban city and town in a sparse setting: OA falls within a built-up area with a population of 10,000 or more and is assigned to the 'city and town' settlement category. The wider surrounding area is sparsely populated; D1 Rural town and fringe: OA is assigned to the 'town and fringe' settlement category. The wider surrounding area is less sparsely populated; D2 Rural town and fringe in a sparse setting: OA is assigned to the 'town and fringe' settlement category. The wider surrounding area is sparsely populated; E1 Rural village: OA is assigned to the 'village' settlement category. The wider surrounding area is less sparsely populated; E2 Rural village in a sparse setting: OA is assigned to the 'village' settlement category. The wider surrounding area is sparsely populated; F1 Rural hamlet and isolated dwellings: OA is assigned to the 'hamlet and isolated dwelling' settlement category. The wider surrounding area is less sparsely populated; F2 Rural hamlet and isolated dwellings in a sparse setting: OA is assigned to the 'hamlet and isolated dwelling' settlement category. The wider surrounding area is sparsely populated.
SalePrice1psm
Sale price per square metre for transaction #1
Computed variable n = 147,116 mean = 1,537 sd = 782 range = 49,942, min = 33 max = 49,975
SalePrice2psm
Sale price per square metre for transaction #2
Computed variable n = 37,043 mean = 1,654 sd = 700 range = 39,601, min = 33 max = 39,634
